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Hyper-resolution indoor channel impulse 
responses: Multipath components and k- 
factors 
D. Ndzi, J. Austin and E. W a r  
A hyper-resolution method has been used to estimate the 
wideband indoor channel impulse response at 1.3GHz in a variety 
of environments within a building. The number of multipath 
components N and the Ricean k-factor have been investigated. 
The effect of the presence of people has also been monitored. The 
results show that if a 30dB impulse response dynamic range 
threshold is considered, a value of N less than 7 is applicable to 
all cases for > 90% of the time. It is also shown that the k-factor 
can be reliably estimated using only the three strongest 
components. 
Introduction: Indoor wireless communications is rapidly expanding 
and has been boosted by the definition of the HIPERLAN stand- 
ards in Europe and the de-regularisation of the ISM bands in the 
US. Present wireless indoor systems cannot meet the high data 
rate (1 55 Mbit/s) currently offered by wired networks due to multi- 
path propagation and attenuation of transmitted signals [l]. To 
satisfy the demand for mobility and high data rates, some method 
of mitigating the effect of multipath must be implemented. One 
feasible solution is the use of smart antenna systems to select only 
the strongest component, given adequate time and angular resolu- 
tion. To achieve this, knowledge of the number of multipath com- 
ponents (N) reaching the receiver is of fundamental importance. In 
addition, the value of N is important for the development of 
proper channel models. 
Several investigations into the indoor impulse response have 
already been reported [2, 31. The fast Fourier transform based 
approach is widely used in data analysis but suffers from leakage 
which together with the assumption of periodicity, often gives a 
false impression of the existence of multipath components. Alter- 
natively, high resolution parametric methods can be used. The 
results presented here have been computed using the singular 
value decomposition Prony algorithm [4, 51. In this case the 
impulse response is estimated by fitting the measured channel 
transfer functions to a discrete non-periodic complex multipath 
model 
N 
Fig. 1 shows a data set which consists of 128 impulse responses 
estimated from transfer functions acquired over a period of 4s. 
The results shown were obtained with a person present in the 
vicinity of the receiver at an antenna separation of 1 m. The Figure 
shows that there are three dominant paths and it can be seen that 
the signal suffers from attenuation and reflection as the person 
moves around. Two transfer functions and the corresponding 
hpulse responses are illustrated in Fig. 2. The measured and fit- 
ted transfer functions are both given. The deep fade nulls are 
shown to be the result of the presence of a multipath component 
with magnitude equal or close to that of the strongest ray (snap- 
shot 101 at 3.34s). 






Fig. 1 Estimated channel impulse response illustrating variations in mul- 
tipath due to person moving in vicinity of receiving antenna 
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where N is the number of paths (rays) and a, and z, are the com- 
plex amplitude and delay of the ith multipath component, respec- 
tively. By using a suitably synthesised time domain signal, an 
impulse response resolution better than 5ns has been achieved 
using a sounding spectrum 3 1.25 MHz wide [6]. 
Measurement details: Using the channel sounder described in [6], 
measurements have been carried out in a large computer room 
(A), a long corridor (B) and in a small room (C). The ceiling in 
each location was -3m above floor level and the volumes were 
495.0, 440.8 and 151.3m3 for locations A, B and C, respectively. 
The antennas were omni-directional half wavelength monopoles 
and the transmitted power was 14dBm. The antenna heights were 
normally 2 and 1.6m for the transmitter and receiver, respectively, 
and all measurements were LOS. Additional measurements were 
carried out in room A with and without the presence of people. In 
this case, an antenna separation of 14m and heights of 1.6m were 
used. The signal-to-noise ratio for all the measurements was > 
40dB. 
Number of multipath components (N): For each channel impulse 
response, the number of si&icant components N above a given 
threshold was determined. Five thresholds were used and Fig. 3 
illustrates typical cumulative distributions. As expected, as the 
threshold decreases more paths with small amplitudes are 
included. In general, the average value of N increases with antenna 
separation for some thresholds, but the increase was not found to 
be as high as reported elsewhere [2]. 
The analysis of the data (see Fig. 3) shows that N has a Gaus- 
sian distribution and that the fitting error decreases with the 
threshold as more echoes are considered. There is a large deviation 
between the cumulative distributions at -30dB and -35dB thresh- 
olds. At low signal-to-noise ratios, the large discrepancy suggests 
that most of the components are due to noise and thus not relia- 
ble. AU results, including those not reported here, show that the 
90% value of N is always < 7 for thresholds of -30dB and above. 
K-factors: For each data set, the 128 impulse responses are super- 
imposed with a bin size of 2ns to obtain the delay power spectrum 
(DPS). Two types of factors, k,,,, and k23, are used here. k,,,, is the 
698 ELECTRONICS LETTERS 29th April I999 Vol. 35 No. 9 
logarithm of the ratio of the power in the bin containing the 
strongest path to the total scatter power in the DPS, assuming a 
threshold of -30dB. k,, is the logarithm of the ratio of the power 
in the main ray to the total power of the second and third rays for 
each impulse response, averaged over a data set. k,,, is equivalent 
to the Ricean k-factor since all measurements were LOS. 
number of rays N 
lunj 
Fig. 3 Typical distribution of N at different thresholds 
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The statistics of k-factors for measurements in the three loca- 
tions are summarised in Table l.  The mean values of k,,, and k21 
are all > 6dB. All values of k,,, can be reasonably estimated by k2, 
for most LOS propagation conditions, especially over short dis- 
tances. The results also show that k-factors generally decrease with 
antenna separation. This is consistent with the decrease in the 
power of the ‘direct’ component and an increase in scatter power. 
Table 1: Mean p and standard deviation 0 of k-factor at different 
locations 
, , I Comdor I 6.7 3.0 I 6.3 4.0 I 
RoomA I 6.6 4.5 1 7.0 4.9 
RoomC I 7.5 3.7 I 7.2 3.7 
Effect of people on N and k-factor: Two data blocks, containing 
150000 impulse responses each, were acquired in room A (a large 
computer room). They were obtained over time periods of 12h, 
with and without people in the room. The results showed that the 
presence of people resulted in a 2dB attenuation of the mean sig- 
nal level with the mean value of N decreasing from 4 to 3 for 
thresholds < 25dB. The k-factors, k,,,, and k2, were also found to 
have decreased by 2.5 and 4.5dB, respectively. This indicates that 
the direct path was attenuated and that the echos were selectively 
attenuated or reflected away from the receiver. The standard devi- 
ation of k,,, and kI3 increased by factors > 5, indicating that the 
channel response varied widely in the presence of people. 
Conclusions: Hyper-resolution impulse responses from three loca- 
tions within a building have shown that the number of multipath 
components with amplitudes within 30dB of the strongest path is 
< 7 for 90% of the time. The results also show that the channel 
Ricean k-factor can be reasonably estimated using only the three 
strongest components. The presence of people in the channel 
introduced very significant variations in the impulse response and 
in general, the mean values of both the k-factor and N decreases 
when people are walking in the proximity of the channel. 
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Outer-loop control of target SIR for fast 
transmit power control in turbo-coded 
W-CDMA mobile radio 
H. Kawai, H. Suda and  F. Adachi 
A technique for obtaining outer-loop control of the target SIR for 
closed-loop fast transmit power control (TPC) is presented for 
turbocoded wideband DS-CDMA (W-CDMA) mobile radio 
systems. The frame error rate (FER) of an intermediate decoding 
output in the turbo-decoder, i.e. before the final iteration stage is 
reached, is measured to control the target SIR. The bit error rate 
(BER) after the final decoding iteration can be maintained 
accurately at the prescribed BER value, e.g. BER = lw, without 
losing the trachng ability in the presence of slowly changing 
propagation channel conditions. Computer simulation results 
supporting this ability are reported. 
Introduction: In DS-CDMA mobile radio, severe multiple access 
interference (MAI) is produced due to distance-dependent path 
losses (the well-known ‘near-far problem’), slow random path- 
losses (shadowing), and fast multipath fading. A closed-loop fast 
transmit power control (TPC) technique based on the measure- 
ment of the instantaneous signal-to-average interference plus back- 
ground noise ratio (SIR) is indispensable for minimising the 
adverse effects of MA1 [l]. In closed-loop fast TPC, a base station 
receiver measures the received SIR of the signal transmitted from 
a given mobile station, compares it to a prescribed target SIR, and 
then generates a binary TPC command to raise or lower the 
mobile transmit power in order to maintain the received bit error 
rate (BER) at the required value. However, the target SIR must be 
different for different propagation channel conditions, such as the 
power delay profile, the number of resolvable propagation paths, 
the fading maximum Doppler frequency (the velocity of the 
mobile terminal), etc. Therefore, the target SIR must be adjusted 
by introducing outer-loop control to track slowly changing chan- 
nel conditions [l]. Because in general it is difficult to measure the 
BER, a frame error rate (FER) measurement using cyclic redun- 
dancy checks (CRCs) is often used in outer-loop control. However 
a problem may occur when a very low BER is desired for data 
transmission, e.g. BER = l e 6  as required in IMT-2000 [2]. Since 
the corresponding FER is also low, a fairly long FER measure- 
ment interval is required. For example, the FER value correspond- 
ing to BER = 1W is < l e 3  for a transmission rate of 32kbit/s and 
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